Studies in this and other laboratories have disclosed a variety of starch-digesting rumen organisms, including Streptococcu bouis (Hungate et al., 1952) , several cellulolytic strains (Hungate, 1950) , and various non-cellulolytic bacteria (Gall et al., 1947; Gall and Huhtanen, 1951; Huhtanen and Gall, 1953a, b; Bryant and Burkey, 1953a,b; Jayko, 1953; McPherson, 1953; der Wath, 1948) as well as protozoa of the genera Entodinium and Diplodinium (Ferber, 1928) and Isotriha (Gutierrez, 1955, Sugden and Oxford, 1952) . Starch digestion by most of the bacteria has been discovered after they have been isolated on other substrates. It seemed of interest to investigate whether use of starch in initial agar dilution series would disclose starch-digesting bacteria not previously encountered.
Starch digesters tentatively identified as S. bovi8 and as the weakly cellulolytic, butyric acid-producing rods (Hungate, 1950) were encountered and, in addition, rod shaped bacteria different from any previously described amylolytic organisms, and considered to be a new species, Bacteroides amylophilus.
MATERIALS AND METHODS
The culture and analytical methods were similar to those previously employed in this laboratory (Hungate, 1950) . Rumen contents were serially diluted in a liquid basal medium with the percentage composition: K2HPO4, 0.05; KH2PO4, 0.05; NaCl, 0.1; (NH4)SO4, 0.05; MgSO4, 0.01; CaCl2, 0.01; resazurin, 0.0001; cysteine hydrochloride, 0.07; and Na-HCO,, 0.5. Each of the latter two ingredients was sterilized separately and added to the iThis investigation was supported in part by a grant-in-aid from the National Science Foundation. 2 Predoctoral Fellow of the National Science Foundation. Present Address: Pine Bluff Arsenal, Pine Bluff, Arkansas. medium just before inoculation. Carbon dioxide was the gas phase.
To this basal medium was added one or more of the following additional nutrients: 0.5 per cent soluble starch or corn starch (5), 30 per cent rumen fluid (R), 1 per cent peptone (P), 0.5 per cent yeast extract (Y) . A feed extract medium (F) was prepared by boiling 1 per cent alfalfa (Medicago 8ativa) hay and 0.5 per cent feed concentrate8 in a solution containing the inorganic salts of the basal medium except that the NaHCO, was omitted. The heated suspension was filtered while hot and the filtrate used to replace one-third of the basal medium. The concentration of corn starch added to this medium was reduced to 0.3 per cent.
In preliminary experiments, rumen contents were either diluted serially in the melted agar culture medium (R-S or F-R-S) or were diluted in liquid basal medium and then inoculated into R-S or F-R-S agar. The culture counts were about the same, using these two dilution procedures. Comparisons of various nutrients showed that counts on an agar medium containing feed extract plus corn starch (FP-) were as high as those when rumen fluid was also added.
Starch digestion could frequently be detected in young cultures in F-S or P-Y-S agar by a slight clearing of the medium around a colony. A more reliable index was lack of blue color around colonies flooded with Gram's iodine solution. Because the blue color in starch-containing areas rapidly disappeared due to reducing materials in the anaerobic medium, a considerable quantity of the iodine solution was added and the tube examined as quickly as possible. Organisms in subsurface starch-digesting colonies were still viable after addition of the iodine, not sufficiently distinctive for identification until after a good deal of experience with several strains. Then identification was fairly accurate from colony morphology alone. Unfortunately, the distinguishing differences are so subtle that success is possible only after direct observation of many colonies.
In experiment 1, 17 peir cent of the colonies contained starch digesters similar in cell morphology to strain 6-24. In experiments 4, 9, and 10 this type constituted 10, 15, and 5 per cent, respectively, of the total count. A pure culture was isolated from each of these experiments. These starch digesters were not detected in the other experiments and, if present, must have occurred in numbers less than 106/ml, the lowest dilution cultured.
The highest count (600 X 106) of this type of starch digester was found with rumen contents from one of the Angus steers on a high grain ration, but a second animal on a similar diet did not show such high numbers. This indicates that occurrence of the organism is sporadic but that it may on occasion play an important role in the rumen.
Morphology. The thr ee additional str ains (7-20, 8-26, and 11-4) were morphologically quite similar to strain 6-24, with minorl differences. Immediately after isolation, strain [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] showed plump oval rods with a few coccoid cells, and no visible granulation. Cells of strainis [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] and 11-4 wreic quite pleomorphic in initial cultuIres an(l this was retained by) str-aini 11-4 but soon lost by 8-26. Figure I illustrates Transfer of 8-26 to a different medium occasionally increased pleomorphism but this result was not sufficiently consistent to permit analysis of the factors involved. Increasing age of the cultures correlated to some extent with increased size and pleomorphism.
A 12-hr culture of strain 8-26 showed coccoid to rod-shaped cells of uniform diameter and with little visible internal structure. At 24 hr the cells were longer, some swollen and some showing internal granular structure as illustrated in figure 1.
Like strain 6-24, some cells in the original cultures of 7-20 and 8-26 were gram positive and some contained internal gram positive granules. Most cells were entirely gram negative. Strain 11-4 was gram negative even in the original culture and all strains were gram negative after the first subculture. Cells from older cultures showed internal granules when stained with alkaline methylene blue. Motility was never detected and no spores were seen in any of the strains. grew best in P-Y-S broth at pH 6.8-7.8 and failed to grow at pH 6.0 and 8.8. The various acidities were obtained by adjusting the concentrations of bicarbonate and carbon dioxide.
In deep shake tubes containing F-S or P-Y-S agar no colonies developed in the upper oxidized region in which the resazurin wvas pink, but they developed in the lower anaerobic part, indicating obligate anaerobiosis. (1948) reported that ruminal break-down of starch is associated with iodophily of the responsible bacteria. When iodine was added to 12-hr agar cultures of strain 8-26 the small colonies showed no typical iodophilic reaction. They were white to light tan in color and surrounded by a small unstained zone of starch digestion.
In order to test more conclusively for iodophily, raw unsterilized corn starch was added to a 9-hr culture in P-Y-S broth which had just begun to show growth. After further incubation for 2 hr many of the starch grains showed attached bacteria, as shown in figure 3 , and the starch grains showed incipient disintegration. Even In order( to test conclusively for glucose utilization it was added in 0.2 per cent concentration to one tube of P-Y-S broth and to a second wvas added 0.2 per cent maltose. Both tubes were inoculated and incubated. The starch in both tubes disappeared. After several days of additional incubation, the contents of the glucose culture showed a copious reduction of copper but none was detected in the maltose tube. The pH in the maltose tube was 5.7 w-hereas it was 6.4 with the glucose.
The ability of strain 8-26 to utilize hay w-as tested by inoculating P-Y broth tubes each containing 40 mg of ground alfalfa hay. A control P-Y-S broth tube showed abundant turbidity after incubation for 24 hr but the tubes containing hay showed no growth even after 9 days of incubation. From these experiments starch appears to be the chief energy-yielding substrate for growth of this organism. Occurrence of these bacteria in the hay-fed animals is somewhat surprising, though the starch in the hay may have been sufficient to support it in the numbers found.
Fermentation products. The products from fermentation of 300 mg of starch by strain 7-20 are shown in table 2. Peptone-yeast extract broth was the culture medium, and an inoculated flask without starch was analyzed as a control. No hydrogen, acetylmethylcarbinol, 2,3-butylene glycol, or glycerol could be detected.
Carbon dioxide (100 per cent) and 0.5 per cent NaHCO3 were used in this experiment and the error involved in equilibrating the solution with gas was so large that the difference between initial and final CO2 could not be measured accurately. Production of a fairly large quantity of succinic acid indicated that carbon dioxide might be fixed. It had been found in earlier experiments to be required for growvth. In a quantitative analysis of the fermentation products of strain [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] iumen fistula, an unfistulated steer, and a producing milk cow. The organism was not always present in these animals and was not found in three other animals which were examined, though no extensive search was made.
Pleomorphism occurred to varying extents in the different strains. In large cells intracellular granules could be detected.
B. amylophilus is quite specific for starch, fermenting only starch and maltose of a large number of hexoses and disaccharides tested. It grows well on peptone-yeast extract medium if fermentable carbohydrate is provided. Principal identified fermentation products are acetic, formic, and suceinic acids. A measurable quantity of carbon dioxide was fixed in one experiment. Traces of ethanol and lactic acid may be formed.
